Purpose. Translocation of bacteria across the intestinal barrier is important in the pathogenesis of systemic sepsis. In inflammatory conditions, commensal bacteria exploit transcytotic pathways to cross the intestinal epithelium in a TLR4-dependent manner. The aim of this study was to test the hypothesis that Lactobacillus plantarum ameliorates tumour necrosis factor-induced bacterial translocation by regulation of Toll-like receptor-4 expression.
INTRODUCTION
Bacterial translocation (BT) is defined as the passage of enteric microbes or their products across the normal impermeant intestinal epithelial barrier into lymph nodes or the systemic circulation [1] . This process can lead to a deterioration of the gut barrier and initiate the development of systemic sepsis and multiple organ dysfunction syndromes [2] . BT in humans was postulated to occur in several clinical conditions, such as haemorrhagic shock, acute pancreatitis, cirrhosis, trauma, burn injury, obstructive jaundice, abdominal surgery, inflammatory bowel diseases, cardiopulmonary bypass and small bowel transplantation [3] [4] [5] [6] [7] [8] . Although the mechanisms responsible for bacterial translocation remain unclear, bacterial internalization and phagocytosis by enterocytes are known be an initial step in bacterial translocation across the intestinal epithelium [9, 10] .
The epithelial cells that line the gastrointestinal tract form the front line of defence against commensal and potentially pathogenic microbes that thrive within the lumen of the intestine [11] . Intestinal epithelial cells form intercellular tight junctions that can restrict the transepithelial movement of particulates and small molecules of molecular mass greater than 2000 Da, thus preventing not only bacteria but also numerous metabolites from accessing the host [12] . Despite the density of commensal bacteria and their products, the intestinal mucosa maintains a controlled state of integrity and homeostasis [13] . Commensal bacteria do not readily invade enterocytes, and it is generally considered that opportunistic infections caused by such organisms are due to entry through structural defects in the epithelial barrier [14, 15] .
The barrier function of the gastrointestinal tract has been shown to be impaired following stress or inflammation. Proinflammatory cytokines, such as interferon g (IFN-g) and tumour necrosis factor a (TNF-a), released in the gut can increase paracellular permeability by modulating tight junction protein expression and phosphorylation [16, 17] . Luminal bacteria gain access to the body by passive migration through 'leaky' tight junctions [18, 19] . However, recent observations found that bacterial translocation was uncoupled from increases in paracellular permeability and mediated by a primarily transcellular process involving lipid raft-dependent internalization and translocation of intact bacteria [20] . These findings suggest that translocation of bacteria may occur in the apparent absence of increased intestinal permeability (disruption of epithelial tight junctions) under conditions of inflammatory stress.
Lactobacillus plantarum, one of the most prevalent species of commensal bacteria in the human intestinal tract, has been shown to promote gut health and regulate intestinal homeostasis [21, 22] . Previous studies have reported that lactobacilli can prevent bacterial translocation following chronic psychological or inflammatory stress [23] . However, the precise mechanisms by which lactobacilli exert these effects are not fully understood. Hence, insight into proinflammatory cytokine-induced bacterial translocation in intestinal epithelial cells and the effects exerted by Lactobacillus will be helpful in understanding the interaction between human enterocytes and lactobacilli.
The aim of this study was to test the hypothesis that L. plantarum ameliorates tumour necrosis factor-induced bacterial translocation by regulation of Toll-like receptor-4 expression.
METHODS
Bacterial strains and growth conditions L. plantarum L2 (Accession number EF088327) was used in this study. This strain was previously isolated from the human intestinal tract and identified at the Research Institute of General Surgery, Jin Ling Hospital, Nanjing, China. L. plantarum L2 was stored at À80 C in MRS broth (OXOID, Hampshire, UK), supplemented with 20 % (v/v) glycerol. For routine analysis, L. plantarum L2 was subcultured twice in MRS broth at 37 C for 24 h. For heat inactivation of the bacterial suspension, aliquots of L. plantarum suspension were incubated for 20 min at 80 C. In each case, bacterial suspensions were harvested by centrifugation (6000 g, 5 min), washed twice with Hank's balanced saline solution (HBSS) (Hyclone, Logan, UT) and resuspended in Dulbecco's modified Eagle's minimal essential medium (DMEM) (without antibiotics) (Gibco, Grand Island, NY).
Non-pathogenic Escherichia coli strain B5 was previously isolated from rat mesenteric lymph node tissue. This strain is commonly found in the gut, and while it has no known virulence factors it can cause opportunistic infections. E. coli B5 was inoculated into Luria-Bertani broth (LB) (OXOID) and incubated for 16 h to stationary phase. Bacterial suspensions were centrifuged at 6000 g for 5 min, washed twice with HBSS (HyClone) and resuspended in HBSS to achieve a cell concentration approximately equivalent to 4Â10 8 c.f.u. ml À1 for translocation experiments.
Cell culture
The Caco-2 cell line (passage 100-120) was purchased from the Chinese Academy Science Collection Center (Institute of Biochemistry and Cell Biology, Shanghai, China). The IEC-6 cell line was provided by Dr Aiping Wang (Research Institute of Trauma, Burns and Combined Injuries, Chongqing, China) as a generous gift. Cells were routinely grown in DMEM supplemented with 10 % heat-inactivated (30 min at 56 C) fetal bovine serum (Hyclone), 0.1 mM non-essential amino acids (Gibco), 100 U ml À1 penicillin and 100 mg ml À1 streptomycin (Gibco) at 37 C in an atmosphere of 5 % CO 2 /95 % air, with a change of medium every 3-4 days.
Inhibition assays of bacterial cell association
The inhibitory effect of Lactobacillus on the association and internalization of E. coli in intestinal cell lines was measured using the methods described by Guignot et al. [24] . Caco-2 monolayers and IEC-6 cells were washed twice with HBSS, then 1 ml of L. plantarum L2 or heat-killed L. plantarum L2 (1Â10 9 c.f.u. ml
À1
) were added and incubated at 37 C in an atmosphere of 5 % CO 2 /95 % air. After 2 h incubation, 1 ml of E. coli B5 (4Â10 8 c.f.u. ml À1 ) was added to each culture and the incubation continued for 2 h (pretreatment). For treatment groups, 1 ml of E. coli B5 and 1 ml of L. plantarum L2 or heat-killed L. plantarum L2 were mixed well with each culture and incubated as previously described. After 2 h incubation, the cells were then washed five times with sterile PBS. Cell-associated bacteria and intestinal cells were dissolved in sterile distilled water. Samples were diluted and plated onto MacConkey agar plates (OXOID) to determine the number of c.f.u. recovered from the lysed cells.
Inhibition assays of bacterial cell internalization Inhibition of cell internalization of E. coli by lactobacilli was determined using an aminoglycoside antibiotic after the infection period, to kill extracellular bacteria. After incubation, the plates were washed three times with sterile PBS and then incubated for an additional 2 h in a fresh medium containing gentamicin (final concentration, 1 mg ml À1 ) (Gibco). The cells were then washed with PBS and lysed with sterilized distilled water. Appropriate dilutions were plated onto MacConkey agar to determine the number of viable intracellular bacteria.
Translocation studies
Translocation assays were performed as previously described [20] . Briefly, Caco-2 cells were seeded onto 24 mm Transwell (Costar, NY) systems with polycarbonate membranes (3 mm pore size, 4.7 cm 2 surface area) and cultured for 18-21 days before use. Transepithelial electrical resistance (TEER) was monitored using an EVOM meter (World Precision Instruments, Sarasota, NY). All translocation measurements were conducted in HBSS to minimize the effect of bacterial growth on the count of translocated bacteria. Caco-2 cells were washed with HBSS twice and transferred for 6 h to the basolateral chamber in DMEM (without antibiotics), with the addition of tumour necrosis factor (TNF)-a (20 ng ml
À1
; Promega, Madison, WI). At the end of each incubation period, the experimental culture medium was removed by washing the Caco-2 cells twice with HBSS. The cells were then allowed to equilibrate in HBSS for 30 min. The apical chamber of the Transwell was then inoculated with E. coli B5 to a final concentration of 2Â10 8 c.f.u. ml
. Bacteria were added, together with horseradish peroxidase (HRP, 10 M; Sigma-Aldrich), to allow simultaneous estimation of bacterial flux and paracellular permeability. After a 4 h incubation period, the number of E. coli B5 in the basal chamber of the Transwell was determined by serial dilution, followed by plating on MacConkey agar. In studies examining the effects of L. plantarum or anti-TLR4 antibody on TNF-a-mediated translocation, monolayers were pretreated with L. plantarum or anti-TLR4 antibody added to the apical chamber 2 h prior to the addition of E. coli B5. At the end of this incubation period, bacterial translocation was measured as detailed above.
Horseradish peroxidase (HRP) flux
Paracellular permeability of the Caco-2 monolayers was assessed concurrently with bacterial translocation by measuring the flux of HRP, from apical to basal chambers of the Transwell. Flux assays were conducted as previously described [25] . Intact HRP concentration in the basolateral chamber was determined by kinetic enzymatic assay and is presented as the percentage HRP recovered relative to the initial concentration added to the apical compartment of the culture well.
Lactate dehydrogenase (LDH) measurement
At the end of the incubation period, supernatants of the cells containing released LDH were collected, centrifuged at 3500 g for 5 min at 4 C, and assayed for LDH activity by using a LDH cytotoxicity detection kit (Roche, Indianapolis, IN).
Immunofluorescence analysis of ZO-1 and Occludin
Caco-2 cells grown on Chamber slides supports were exposed to the treatments indicated above. At the end of the incubation period, the cells were fixed with 4 % paraformaldehyde for 20 min and permeabilized with 0.1 % Triton X-100 for a further 20 min at room temperature. After blocking with 10 % horse serum and 6 % bovine serum albumin in PBS for 30 min at room temperature, cells were incubated with rabbit anti-Occludin or rabbit anti-ZO-1 (Zymed Laboratories, San Francisco, CA) for 1 h at 37 C. Cells were then washed in PBS and incubated with an anti-rabbit FITC-conjugated antibody (Invitrogen, Carlsbad, CA) for 1 h at 37 C. Cells were washed in PBS three times for 10 min each and visualized on a fluorescence microscope. Images shown are representative of three similar monolayers, with multiple images taken from each preparation.
RT-PCR analysis
Total RNA from cells was extracted using TRIzol reagent according to the manufacturer's instructions (Gibco). Reverse transcription of RNA was performed using MLV reverse transcriptase (Promega). The RNA (2 µg) was transcribed in a 20 µl reaction containing 5 µl of 5ÂAMV Reverse Transcriptase Reaction buffer, 2 µl of a 10 mM dNTP mix, 1 µl of 50 mM oligo d(T) 18 , 30 U of Rnasin Ribonuclease Inhibitor and 25 U of MLV reverse transcriptase. The reaction mix was incubated at 42 C for 60 min. For each PCR, the primers for TLR4, IL-8 and Beta actin were designed and synthesized by Genecore (Shanghai, China) ( Table 1) . Amplification was carried out on a GeneAmp PCR System 9600 thermal cycler (Perkin-Elmer Cetus, Norwalk, CT). The reaction mixture (50 µl) contained 0.2 µM of each primer, 0.2 mM of dNTP (Promega), 1ÂPCR buffer (final concentration of 10 mM Tris-HCl, 50 mM KCl, pH 8.3), 1.5 mM MgCl 2 , 50-100 ng of cDNA and 1 U of Taq DNA Polymerase (Promega). DNA fragments were amplified as follows: initial denaturation at 94 C for 5 min, followed by 30 cycles consisting of denaturation at 94 C for 40 s, annealing at the respective primer T m for 60 s, extension at 72 C for 2 min and a 10 min final extension step at 72 C. The products were stored at 4 C until analysed. Aliquots (10 µl) of the amplified products were subjected to electrophoresis in 1.5 % (w/v) agarose gels (Invitrogen) in TAE buffer (40 mM Tris-acetate, 1 mM EDTA, pH 8.2). The internal control employed was b-actin. Semi-quantitative analysis of the DNA bands was performed with a Kodak 
Statistical analysis
Results are presented as mean and standard deviations of three separate experiments. Statistical analyses were performed using one-way analysis of variance. A P value of 0.05 was considered statistically significant. All analyses were undertaken using SPSS 13.0 software.
RESULTS
Inhibitory effect of L. plantarum L2 on E. coli adhesion The activity of L. plantarum L2 on E. coli B5 adhesion of the gut was determined in vitro using intestinal epithelial cells. Pre-incubation of Caco-2 and IEC-6 cells was performed with L. plantarum L2 prior to addition of E. coli B5. As shown in Fig. 1 , L. plantarum L2 significantly (P<0.01) inhibited the ability of E. coli B5 to adhere to Caco-2 cells (Fig. 1a) and IEC-6 cells (Fig. 1c) . However, it was noted that pretreatment of cells with heat-killed L. plantarum L2 had no effect on E. coli B5 adhesion in Caco-2 cells. In coincubation experiments where E. coli and L. plantarum L2 were combined with intestinal epithelial cells, a highly significant decrease (P<0.01) in E. coli B5 adhesion levels was observed (Fig. 1b, d ) with Caco-2 and IEC-6 cells. With coincubation of E. coli B5 and heat-killed L. plantarum L2, a significant decrease (P<0.05) in E. coli B5 cell association was observed only in IEC-6 cells.
Inhibitory effect of L. plantarum L2 on E. coli cell internalization The inhibitory effects of L. plantarum L2 on E. coli B5 cell internalization were examined with Caco-2 and IEC-6 cells. Pretreatment of cells with L. plantarum L2 for 2 h at 37 C led to a significant decrease in E. coli B5 cell internalization (P<0.01, P<0.05), whereas no inhibitory effects of heatkilled L. plantarum L2 on E. coli B5 cell internalization were observed in either cell line (Fig. 2a, c) . In co-incubation experiments of intestinal epithelial cells with L. plantarum L2 or heat-killed L. plantarum L2, slight decreases in E. coli B5 cell internalization levels were observed,but these were not significant (Fig. 2b, d ).
L. plantarum L2 ameliorates translocation of E. coli across Caco-2 cells To assess the inhibitory effects of L. plantarum L2 on bacterial translocation of E. coli B5 through confluent enterocytes, we quantified the ability of 2Â10 8 bacteria to penetrate from the apical to the basal compartment of enterocytes cultivated on permeable supports. As shown in Fig. 3 , apical inoculation with a non-pathogenic E. coli B5 showed that, under control conditions, bacteria translocated to a minor extent across Caco-2 monolayers. Four hours after addition to the apical surface, low levels of bacteria (3.95±0.56 log10 c.f.u. ml
À1
) were found in the basolateral chamber. In contrast, exposing monolayers to inflammatory stress by basolateral addition of TNF-a for six hours resulted in a significant (>100-fold, P<0.01) increase in the rate of translocation of E. coli B5 into the basolateral medium. These changes were, however, not associated with alterations in LDH release, HRP permeability or TEER ( Table 2 ). Pretreatment of Caco-2 cells with L. plantarum L2 for 2 h significantly inhibited TNF-a-induced E. coli B5 translocation (P<0.01; control, 3.95±0.56 log10 c.f.u. ml ). However, no significant differences were found in the ability of E. coli B5 to translocate across confluent Caco-2 cells when these were pretreated with heat-killed L. plantarum L2, compared to TNF-a-stimulated alone. Pretreatment with live or heat-killed L. plantarum L2 also did not affect the integrity of the monolayers, as indicated by LDH release, HRP permeability and TEER ( Table 2) .
Effects of L. plantarum L2 and TNF-a on TJ protein distribution Cell morphology among the different treatment groups appeared to have no marked differences. Immunofluorescence analysis showed no perturbation of ZO-1 and Occludin staining (intercellular junctions of cells showed bright green, well-defined outline) in TNF-a treated monolayers compared to control, and the protein remained localized to the junctional region. No significant loss of ZO-1 and Occludin staining was observed in L. plantarum L2 and heat-killed L. plantarum L2 pretreatment groups (Figs S1-S3, available in the online version of this article).
L. plantarum L2 modulates TLR4 expression levels in Caco-2 cells
We hypothesized that L. plantarum and proinflammatory cytokines regulated expression of TLR4 in intestinal epithelial cells. We tested this hypothesis by exposing Caco-2 cells to TNF-a and evaluated the expression of messenger RNA for TLR4 by RT-PCR. As shown in Fig. 4 , by using RT-PCR to examine the expression of TLR4, we found that Caco-2 cells express a very low level of TLR4 mRNA (Fig. 4a) . By contrast, exposing Caco-2 cells to TNF-a for six hours resulted in a significant increase (P<0.01) in TLR4 mRNA expression (Fig. 4b) . We next determined whether L. plantarum L2 directly influenced TLR4 levels in intestinal epithelial cells after treatment with TNF-a. We found that following 2 h of pretreatment with L. plantarum L2, Caco-2 cells showed a significant decrease (P<0.01) in TLR4 mRNA levels as compared to TNF-a treatment alone, whereas heat-killed L. plantarum L2 had no significant effects. RT-PCR analysis of b-actin expression confirmed the quality of all RNA preparations used for RT-PCR. These data support the hypothesis that live L. plantarum L2 can downregulate expression of TLR4 in intestinal epithelial cells.
TLR4 mediates the translocation of E. coli in Caco-2 cells
We next analysed the consequence of TLR4 blocking on the capacity of E. coli to translocate across Caco-2 cells. As shown in Fig. 5 , pretreatment of Caco-2 cells with human anti-TLR4 antibody (10 µg ml
À1
) for 2 h significantly inhibited TNF-a-induced E. coli B5 translocation (P<0.01; control, 3.76±0.70 log10 c.f.u. ml
; TNF, 5.85±0.08 log10 c.f.u. ml
; TLR4+TNF antibody, 4.51±0.30 log10 c.f.u. ml À1 ) as compared to untreated cells. This inhibitory effect on bacterial translocation through blockade of TLR4 was dosedependent (data not shown).
L. plantarum L2 inhibits IL-8 release in Caco-2 cells following TNF-a treatment
We investigated the ability of the apical addition of Caco-2 monolayers with E coli B5 to activate signalling pathways leading to secretion of IL-8 following TNF-a treatment. As shown in Fig. 6 , we found that Caco-2 cells express a very low level of IL-8 mRNA production. By contrast, treatment of Caco-2 cells with TNF-a for 6 h led to a significant increase in IL-8 mRNA expression and production as compared to untreated cells (Fig. 6a) . However, production and mRNA expression of IL-8 were significantly reduced in cells by pre-incubating with L. plantarum L2, and this (Fig. 6b) .
DISCUSSION
Attachment to intestinal epithelial cells is a first step in the translocation of gut commensal bacteria. Consequently, limiting access of bacteria to the apical surface of epithelial cells lining the gastrointestinal tract is important for host survival [10, 23] . Previous studies confirmed that probiotics could transiently colonize the gut and competitively exclude pathogenic bacteria from binding to the intestinal epithelium [26] . Non-pathogenic E. coli is commensal in both the human and animal gut. E. coli B5 has been shown to have the capacity to translocate, it is not inherently pathogenic or entero-invasive under control conditions and has no apparent deleterious effects on barrier function or cell viability. In the current study, we investigated the role played by L. plantarum L2 in the translocation of non-pathogenic E. coli B5 across intestinal epithelial monolayers exposed to the inflammatory cytokine TNF-a. Our data show that live L. plantarum L2 significantly inhibited the ability of nonpathogenic E. coli B5 to adhere to Caco-2 and IEC-6 cells. L. plantarum L2 bound to adhesion sites on the epithelial cell surface, thus competing with non-pathogenic E. coli B5 enterocyte attachment and internalization. Thus, as expected, the inhibitory effects of L. plantarum L2 on bacterial translocation of E. coli B5 paralleled the inhibition of cell internalization and association. The capacity of E. coli B5 to translocate across Caco-2 cells was significantly inhibited by live L. plantarum L2 pretreatment. It was noted that live, but not heat-killed, L. plantarum L2 inhibited Fig. 4 . Effects of L. plantarum L2 and TNF-a on TLR4 mRNA expression pattern in Caco-2 cells. Expression of TLR4 (504 bp) was analysed by PCR after reverse transcription of total RNA from Caco-2 cells as indicated. b-actin was analysed to verify similar cDNA loading. The results of six independent experiments are shown. Each band represents DNA amplified from cDNA reverse-transcribed from RNA extracted from Caco-2 cells. TLR4 mRNA is increased in Caco-2 cells in response to TNF-a. M: DNA molecular mass marker DL2000, 2000 bp DNA ladder; Caco-2 monolayers not exposed to TNF-a shown as control (Con). Caco-2 monolayers were incubated with TNF-a for 6 h and E. coli B5 for a further 4 h (TNF); Caco-2 monolayers were treated with TNF-a in the presence of pre-incubated with live L. plantarum L2 2 h prior to the addition of E. coli B5 (L2+TNF), and treated with TNF-a in the presence of pre-incubated heat-killed L. plantarum L2 two hours prior to the addition of E. coli B5 (LH+TNF). **, P<0.01 compared to control cells; ‡, P<0.01 compared to TNF-a-treated cells. translocation of E. coli B5 across Caco-2 cells. These observations suggest that the inhibitory effects of L. plantarum L2 were caused by a factor present in the bacteria, possibly in the live bacteria (including secreted products) rather than by a bacterial cell wall component. However, competitive exclusion is probably not the only explanation for these findings as L. plantarum L2 reduced the absolute number of non-pathogenic E. coli B5 translocated across Caco-2 cells. Another possible mechanism is that live L. plantarum L2 signals to the enterocyte through direct binding or secreted substances to regulate epithelial cell mechanisms.
Previous studies have shown that bacteria can traverse the enterocyte monolayer through two pathways [1, 26] . The first route is 'paracellular', in which bacteria can pass between adjacent cells through disrupted tight junctions. The second route is 'transcellular', in which bacteria can pass through the enterocytes [27, 28] . In the present study, we observed that high frequencies of bacterial translocation in Caco-2 cells following TNF-a induction were not associated with alterations in LDH release, HRP permeability, TEER or cell apoptosis. These observations prompted us to hypothesize that TNF-a-induced bacterial translocation in Caco-2 cells is not due to disrupted intestinal integrity. In fact, transcellular passage was the predominant route by which viable bacteria crossed the intact epithelial monolayer in this model system. These results are consistent with the findings of previous studies which have shown that exposure of T84 and Caco-2 monolayers to IFN-g promotes the apical-to-basolateral translocation of the enteric commensal E coli C25, which can be dissociated from cytokine-induced changes in paracellular permeability or molecular changes in tight junctions. IFN-g-induced translocation seems to be a primarily transcellular process linked to increased internalization of live C25 [20] . Clark et al. have also reported similar effects previously for Caco-2 cells exposed to a combination of TNF-a and glutamine deprivation, where translocation of commensal E. coli C25 across Caco-2 cells was uncoupled from increased paracellular permeability [29] .
Recently, Neal and colleagues reported that enterocytes are capable of internalizing Gram-negative bacteria in a TLR4-dependent manner, that the internalized microbes remain viable within the enterocyte and that TLR4 is required for bacterial translocation [28] . Chassin et al. also observed that apical-to-basal transcellular translocation of uropathogenic E. coli (UPEC) across medullary collecting duct (MCD) cells was dramatically reduced after the extinction of Toll-like receptor 4 (TLR4) and the lipid raft marker caveolin-1 by small interfering RNA [30] . Therefore, it was of interest to assess whether L. plantarum L2 could elicit its beneficial effects in inhibiting TNF-a-induced transcellular bacterial translocation by regulation of a TLR4-facilitated process. In the present study, we found that blockade of TLR4 significantly inhibited TNF-a-induced E coli B5 translocation. These findings are in agreement with previous observations that TLR4-mediated signalling has been shown to be involved in the phagocytosis and internalization of E. coli across intestinal cells [28] . To determine whether L. plantarum L2 regulates TLR4, we examined TLR4 mRNA expression in Caco-2 cells. We have shown that Caco-2 cells express a low level of TLR4 at base. However, TLR4 expression has been shown to be significantly upregulated in response to TNF-a treatment. By contrast, live L. plantarum L2 downregulates expression of TLR4 in intestinal epithelial cells. Our finding of low TLR4 expression by intestinal epithelial cells is corroborated by a previous study demonstrating by immunohistochemistry that intestinal epithelial cells from normal human intestinal biopsies expressed low levels of TLR4 [31] . Abreu et al. also demonstrated that native colonic epithelial cells and IEC lines expressed a low level of TLR4 and MD-2 mRNA [32] . The pro-inflammatory DNA molecular mass marker DL2000, 2000 bp DNA ladder; Caco-2 monolayers not exposed to TNF-a shown as control (Con). Caco-2 monolayers were incubated with TNF-a for 6 h and E. coli B5 for a further 4 h (TNF). Caco-2 monolayers were treated with TNF-a in the presence of pre-incubated live L. plantarum L2 2 h prior to the addition of E. coli B5 (L2+TNF), and treated with TNF-a in the presence of preincubated heat-killed L. plantarum L2 two hours prior to the addition of E. coli B5 (LH+TNF). **, P<0.01 compared to control cells; ‡, P<0.01 compared to TNF-a treated cells.
cytokines IL-1b, IFN-g and TNF-a increased the level of TLR4 expression in a human small intestinal epithelial cell line [32, 33] . TLR-induced signalling regulates the synthesis of cytoprotective factors essential for intestinal barrier function and repair and stimulates the release of antimicrobial peptides and immunomodulatory cytokines [34] [35] [36] [37] . However, excessive TLR stimulation can have deleterious effects on the host. Therefore, TLR signalling is carefully regulated in the healthy gut by several mechanisms, including the anatomical distribution of receptors, as well as the level distribution of accessory and regulatory molecules [38, 39] . Because the intestinal epithelium should remain immunologically silent in response to commensal bacteria and LPS, it is logical that intestinal epithelial cells express low levels of TLR4. We now postulate that the increased mRNA expression of TLR4 and activation of its signalling pathway in the enterocyte by TNF-a determines the ultimate effect of TLR4 in mediating bacterial translocation. Thus, the downregulation of TLR4 cell surface expression and the inhibition of intracellular signalling might contribute to reduced TLR4-mediated bacterial translocation in Caco-2 cells. In addition, the modulation of TLR4 expression might have resulted in the observed immunomodulatory effects on cytokine levels. IL-8 is one of the pro-inflammatory cytokines responsible for summoning polymorphonuclear leukocytes (PMN) to the site of infection or tissue injury [40] . Transcription of the IL-8 gene is primarily governed by the TLR4-NF-kB pathway [41, 42] . Others have reported that TLR4 expression is enhanced in the gastric epithelium following Helicobacter pylori infection and that enhanced TLR4 expression stimulates NF-kB-driven IL-8 promoter activity [43, 44] . Our results demonstrate that live L. plantarum L2 inhibits TNF-a-induced IL-8 mRNA expression and secretion. These data support the hypothesis that live L. plantarum can downregulate TLR4 expression, subsequently ameliorating TNF-a-induced bacterial translocation and IL-8 expression and production in Caco-2 cells.
In summary, our study revealed that in inflammatory conditions, commensal bacteria exploit transcytotic pathways to cross the intestinal epithelium in a TLR4-dependent manner. Live L. plantarum L2 inhibited TNF-a-induced transcellular bacterial translocation by regulation of TLR4 expression. The findings of this study could provide a basis for further studies on the precise mechanisms by which lactobacilli exert beneficial effects on the modulation of bacterial translocation.
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